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African locust bean (Parkia biglobosa), fermented into “iru” or “dadawa” is a nutritious condiment featured frequently in the diet of people of
Nigeria and other West African countries. Many consumers beneﬁt from the nutrients, and enjoy the aroma of fermented locust bean seed in their
foods. However, some dislike seeing the locust beans and would pick them out of their meals depriving themselves of the nutrients. The
availability of iru as fermented, ground and shelf stable bouillon cube may increase the acceptability of this condiment. The objective was to
develop a shelf stable iru bouillon with starches as binders. Fermented, dried and ground locust bean with binders were prepared in the ratio of
40:10 and 30:20 locust bean:binder and cubed. Microbial and proximate analyses of the cubes were carried out. Bacillus spp., Lactobacillus spp.,
and Staphylococcus spp. were isolated following bouillon cube production. Cassava starch bouillons had the highest moisture content (24.5% and
29.3%). Bouillons with corn starch had the highest amount of fat (22.0%), followed by cassava starch (19.6%), while bouillon cubes with potato
binder had the highest crude protein content (33.9%). Iru without binders had the lowest moisture (11.5%) and ash (1.7%), the highest crude fat
(30.0%) and the highest crude protein (46.3%) contents. Only Bacillus subtilis was isolated from all the samples after 9 months of storage,
indicating that shelf stable iru bouillon cubes is possible, without chemical preservatives. Conclusively, iru bouillon cubes with binders improved
the shelf life from few days to over nine months without compromising the safety of the product.
& 2015 Association of Vice-Chancellors of Nigerian Universities. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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African locust bean tree (Parkia biglobosa) produces the
seeds which when fermented is a source of nutritious condi-
ment in the traditional diet of both rural and urban dwellers in
at least 17 West African countries including Nigeria (Hopkins
and White, 1984; Odunfa, 1986; Achi, 2005; Daramola et al.,
2009). The tree is named after the famous Scottish botanist and
surgeon, Mungo Park by Robert Brown and is widely
recognized as an important indigenous multipurpose fruit tree
in many countries of the sub-Saharan Africa.10.1016/j.nifoj.2015.04.006
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sities.P. biglobosa seed has been extensively studied. The
estimated average consumption per head per day for Nigeria,
Togo and Ghana (Campbell-Platt., 1980), and the nutritive and
medicinal values of the seeds have been reported (Alabi et al.,
2005). Fermented locust bean seeds are used as culinary
product to enhance or intensify meatiness in soups, sauces
and other prepared dishes (Christiana and Marcel, 2008). They
are considered to be a good source of protein for the less
wealthy (Diawara et al., 2000). The husks and pods of the fruit
have also been reported to be good food for livestock
(Obizoba, 1998). The stem can also be carved into household
and agricultural equipment (Alabi et al., 2005).
Although consumers generally beneﬁt from the nutrients and
enjoy the aroma of the fermented locust bean seed in their
foods, some do not like to see the seeds in their dishes. These
individuals remove these seeds from their meals depriving
themselves of the nutrients in the seeds.ction and hosting by Elsevier B.V. This is an open access article under the CC
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cheap to use. Starch is used as binders, gelling agents, and
thickeners in the food industries (Krueger et al., 1987). The
starches extracted from corn and potatoes are frequently used,
but recently cassava starch was adopted for use as a binder by
British Pharmacopoeia (Mohammed et al., 2011). Furthermore,
cassava starch has been used to make pie ﬁllings and to thicken
soups, stews, and sauces (Hauber et al., 1996).
Previous efforts to produce ‘Dadawa’ cubes have not been
successful because consumers perceived that the bouillons
contain chemical preservatives (Sadiku, 2010). Though con-
sumers prefer iru or dadawa prepared the traditional way, there
is concern for the safety of the products (Sadiku, 2010). It is
possible that the development of shelf-stable iru bouillon
cubes, which can be crushed and sprinkled into the soups
and dishes, will increase acceptability of the product by
consumers. The objective of this study was to develop shelf
stable iru bouillon cubes from locust bean seed using various
binders without compromising the safety of the product.
2. Materials and methods
African locust bean (P. biglobosa) seeds, fresh cassava
tubers (Manihot esculenta), domestic reﬁned iodized salt
(Dangote, Ikoyi, Nigeria), onions (Allium cepa) and fresh
meat were purchased from Odo-ori market, Iwo, Osun state,
Nigeria. Potato tuber (Solanum tuberosum), and maize grain
(Zea mays) were purchased from Gbagi market, Ibadan, Oyo
state, Nigeria. The potato, maize grain, African locust bean
seeds, onions and the iodized salt were stored in the laboratory
at room temperature, while the meat was kept in the freezer
until processing commenced. Cassava was purchased fresh and
used within two days after harvest.
2.1. Preparation of African locust bean seeds
The raw African locust bean seeds were sorted and prepared
according to Christiana and Marcel’s (2008) protocol, with little
modiﬁcation. About 725 g of seeds was soaked in 3 L of water for
12 h; mashed to de-pulp the seeds, boiled in a pressure cooker
(Master Chef, Australia) at 128 kpa for 2 h, de-hulled and boiled
again for 30 min under pressure. Excess water was drained and the
seeds were fermented for 72 h in a covered container. Following
fermentation, the seeds were dried in a cabinet drier (Model F300,
Chris Alex Engineering, Ibadan, Nig.) at 65 1C for 2 days followed
by grinding and storage in air tight polyethylene bags.
2.2. Preparation of binders
Potato and cassava tubers were thoroughly cleaned to remove
soil and debris. The potatoes were diced and ground; starch was
extracted by screening using a muslin cloth, to remove the chaff.
The starch slurry was sedimented, de-watered, sun dried for 2
days, then pulverized into powder. Cassava starch was prepared
as described by Intergrated cassava project (ICP, 2010). Brieﬂy,
cassava roots were peeled, grated, mixed with water and screened
using muslin cloth. The starch was de-watered, sun dried for 2days, milled and sieved with 150 mm mesh sieve. Maize grains
were soaked in water for 24 h, then ground and screened using
muslin cloth and then starch was extracted using the method
described for cassava.
2.3. Preparation of meat broth
Approximately 300 g of lean meat was thoroughly washed,
and cut into smaller pieces. About 0.4 g of salt was added;
medium sized onion was chopped and added to the meat
together with 150 mL of water. The mixture was cooked for
30 min. The broth was decanted off, cooled and refrigerated
and used within hours of preparation.
2.4. Preparation of the iru bouillon cubes
Two samples (40:10 and 30:20) of iru bouillon cubes were
prepared. Fermented oven-dried and milled locust bean (40 g) was
weighed and added to 10 g of binder in a container. Meat broth
(30 mL) was added to locust bean/binder mixture and mixed
thoroughly. Then 1 g of iodized salt was added to the mixture and
was stirred on a hot plate for 2 min. The mixture was kneaded,
cubed and dried for 5 min at 50 1C in the cabinet drier to produce
the 40:10 bouillon cube samples. The fermented locust bean (30 g)
and the binder (20 g) were used in the 30:20 bouillon cube
samples. All other parameters remained the same as for the 40:10
bouillon cubes. Each cube was wrapped in aluminum foil; the
samples were placed in polyethylene bags and stored at ambient
temperature (3072 1C) in the laboratory for up to 9 months. The
control sample in this study was ground dried iru without binder,
salt or meat broth. The control was not cubed into bouillon.
2.5. Microbial analysis of iru bouillon
Microbial analyses were carried out on bouillon cubes imme-
diately after the production and also after nine months of storage.
Microbial load of the iru bouillon cubes and other biochemical
analyses was performed in duplicates. The bouillon samples were
randomly selected for microbial analysis. Approximately 1 g of the
cube was homogenized in 9 ml of peptone water, followed by
serial dilution up to ﬁnal dilution of 104. About 10 ml of 104
dilutions was plated in duplicates on nutrient agar, potato dextrose
agar, MacConkey agar and Eosin Methyl Blue agar (Lab M, UK)
and incubated at 37 1C for 24–48 h. The isolates were character-
ized using Gram staining, motility, Indole production, Methyl red–
Voges Proskauer (MR–VP), citrate utilization, catalase and carbo-
hydrate fermentation tests (Pollack et al., 2002).
2.6. Proximate analysis of iru bouillon
Samples used for proximate analysis were randomly selected
and analyzed for moisture, ash, crude fat and crude protein
contents in triplicates. Moisture content was determined as
described by AOAC (1984) method; ash content was determined
according to AOAC (1984) method; crude fat determination
according to Nielson (2002) procedures; and crude protein by the
AOAC (1984) method.
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Organoleptic assessment of the iru bouillon cubes was
carried out after 9 months of production, by 5 panelists who
were untrained but were familiar with the traditionally
prepared iru condiment. The panel was made up of women
over 18, staff and students from Bowen University, Iwo,
Nigeria. Iru bouillion cubes were removed from the cabinet
30 min prior to sensory evaluation and coded. Using a 4-point
hedonic scale the evaluation of the color (brown¼1 to dark
brown¼4), aroma (mild¼1 to choking¼4) and texture
(soft¼1 to brittle/crumbly¼4) were measured.
2.8. Statistical analysis
Data collected from the proximate analysis were analyzed
using Statistical Package for the Social Sciences (SPSS Inc.,
2011). Analysis of Variance (ANOVA) was used to evaluate
signiﬁcant differences (po0.05). Tukey’s Studentized test
was used for the separation of means.
3. Results and discussion
3.1. Microbial analysis
Three genera of bacteria were isolated from fresh bouillon
cubes and the control, using cultural, morphological and
biochemical methods (Table 1). All of the samples were
positive for bacterial growth but there was no growth on the
MacConkey or eosin methyl blue agar plates. The most
frequently isolated bacteria from the samples were Bacillus
subtilis (75%) followed by Staphylococcus species (17%) and
Lactobacillus species (8%). Isolation of B. subtilis, Staphylo-
coccus spp. and Lactobacillus spp. from the control and the
bouillon cubes in this study agreed with reports of previous
studies (Odunfa, 1985; N'dir et al., 1997) B. subtilis isTable 1
Microbial characteristics of isolates from iru bouillon cubes.
Iru samples G stain Spore Catalase Citrate MR VP Indole C
Controln þ Rods þ þn þ n þ þ þ
þ Cocci – þ þ þ – – –
40:10
Cassava þ Rods þ þ þ – þ þ –
Corn þ Rods þ þ þ – þ þ –
þ Cocci – þ þ – þ – –
Potato þ Rods þ þ þ – þ þ –
30:20
Cassava þ Rods þ þ þ – þ þ –
þ Rods – þ þ þ – – þ
Corn þ Rods – – þ – þ – –
Potato þ Rods þ þ þ – þ þ –
Controln¼ iru not cubed into bouillon without the addition of binder, salt, meat b
S¼sucrose; GA¼galactose and D¼dextrose.considered to be an initiator of fermentation of various seeds
including melon, sesame and locust bean seeds (Ouoba et al.,
2003; N'dir et al., 1997; Odunfa, 1981, 1985). Beside B.
subtilis, Staphylococcus spp. and Lactobacillus spp. have also
been conﬁrmed as part of the bacteria responsible for the
fermentation of the African locust bean seeds (Campbell-Platt,
1980; Odunfa, 1981, 1985; Antai and Ibrahim., 1986). The
combination of B. subtilis, Staphylococcus spp. and Lactoba-
cillus spp. has been credited with creating the characteristic
ﬂavor of fermented locust beans (Uaboi-Egbenni et al., 2009;
Campbell-Platt, 1980).
After nine months of storage at 3072 1C in the laboratory,
only B. subtilis was isolated from the bouillon cubes (Table 2).
Neither Staphylococcus spp. nor Lactobacillus spp. was
present in the bouillon cubes or the control after nine-month
storage. Though present in the fresh control sample, these
organisms did not survive the storage. B. subtilis is a
ubiquitous microorganism found in the soil and closely
associated with plants (Earl et al., 2008), promoting plant
growth by out-competing other microbes (Cazorla et al., 2007).
It also adapts to harsh environments, producing many com-
pounds that inhibit the growth of other bacteria and fungi (Earl
et al., 2008). This ability of B. subtilis to adapt, and out
compete other bacteria in the environment might explain why
other bacteria that initially contributed to the fermentation of
iru were no longer detectable after months of storage.
The microbial counts of the bouillon cubes after nine months of
storage are presented in Table 3. Bouillon cube with corn binder in
40:10 ratios has microbial load of 7.5 103 and 2.7 103 on
nutrient agar and potato dextrose agar for bacteria and yeast/molds,
respectively. Microorganisms in the bouillons with cassava and
potato binders were too many to count at the dilution used for
testing for microorganisms in the samples after nine-month storage.
No indicator microorganisms were isolated in the bouillon cubes in
contradiction to earlier report (Ogunshe and Olasugba, 2008),
probably because the locust bean seeds used for the bouillon cubesasein Starch Motility Sugar fermentation Probable organism
G S GA D
þ þ – AG – A Bacillus subtilis
– – A – – A Staphylococcus spp.
þ þ – AG – A Bacillus subtilis
þ þ – AG – A Bacillus subtilis
– – A – – A Staphylococcus spp.
þ þ – AG – A Bacillus subtilis
þ þ – AG – A Bacillus subtilis
– – A A – A Lactobacillus spp.
– – – AG – A Bacillus subtilis
þ þ – AG – A Bacillus subtilis
roth; þn¼positive; –n¼negative; A¼acid; AG¼acid plus gas; G¼glucose;
Table 2
Microbial characteristics of isolates from iru bouillon cubes after nine months of storage.
Iru samples G stain Spore Catalase Citrate MR VP Indole Casein Starch Motility Sugar fermentation Probable organism
G S F Xy
Control þn Rods þ þ þ –n þ þ – þ þ – AGn An – Bacillus subtilis
40:10
Cassava þ Rods þ þ þ - þ þ - þ þ – AG A – Bacillus subtilis
Corn þ Rods þ þ þ - þ þ - þ þ – AG A – Bacillus subtilis
Potato þ Rods þ þ þ - þ þ - þ þ – AG A – Bacillus subtilis
30:20
Cassava þ Rods þ þ þ - þ þ - þ þ – AG A – Bacillus subtilis
Corn þ Rods þ þ þ - þ þ - þ þ – AG A – Bacillus subtilis
Potato þ Rods þ þ þ - þ þ - þ þ – AG A – Bacillus subtilis
þn¼positive; –n¼negative; An¼acid and AGn¼Acid plus gas. G¼glucose; S¼sucrose; F¼fructose and Xy¼xylose.
Table 3
Microbial load of iru bouillon cubes with binders after nine months of storage.
Iru bouillon cubes Mean microbial load (CFU/g)
Nutrient agar Potato dextrose agar
Control NDn ND
40:10
Cassava 4.5 103 1.4 103
Corn 7.5 103 2.7 103
Potato 4.3 103 2.0 103
30:20
Cassava TNTCn 1.2 102
Corn 8.9 103 9.0 102
Potato 2.5 103 TNTC
NDn¼Not determined; TNTCn¼Too numerous to count.
Table 4
Mean1,2,3 proximate composition of control4 and iru bouillon cubes
Iru bouillon
cubes
Moisture
content
Ash content
(%)
Crude fat Crude protein
40:10
Cassava 24.53a70.57 3.27a70.02 19.59d70.00 29.93d70.01
Corn 19.45b70.01 3.23a70.01 22.04b70.04 33.30c70.00
Potato 19.96b70.01 2.97b70.02 20.83c70.02 33.86b70.01
Control 11.51c70.05 1.71c70.01 30.00a70.04 46.33a70.01
30:20
Cassava 29.26a70.00 1.96c 70.02 13.70d70.02 22.61d70.00
Corn 23.23b70.02 2.44b70.02 16.06c70.02 27.36c70.01
Potato 22.67c70.00 2.53a70.00 16.69b70.01 28.03b70.02
Control 11.51d70.05 1.71d70.01 30.00a70.04 46.33a70.01
Statistical separation of means was calculated for the different samples on
binder concentration.
1Mean of the three replicates on dry weight basis.
2Means with same superscripts are not different (po0.05) in each column.
3Standard deviation.
4Control¼ iru without binder, salt, meat broth and not cubed.
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the alkaline conditions of fermented foods due to protein hydrolysis
(Whitaker, 1978) contributes a pungency (Leejerajumnean et al.,
2000) which is a deterrent to spoilage microorganisms (Meisel and
Bockemann, 1999). Findings of this study agreed with the report
that addition of salt, a natural preservative for food, retards the
microbial load and extends the shelf life of the bouillon cubes
(Ademola et al., 2013).3.2. Proximate composition of iru bouillon cubes
Proximate chemical composition of the bouillons with
regard to moisture, crude fat, crude protein and ash was
different from that of the control (pr0.05) (Table 4). There
were also differences in the proximate composition of the
bouillons based on binders and their contents in the samples.
The proximate composition of the control in this study was
similar to the composition of similar samples reported in other
studies (Elemo et al., 2011; Ogbonnaya et al., 2010; Campbell-
Platt, 1980; Sadiku, 2010). However, there were signiﬁcant
differences (po0.05) between the control and the iru bouillon
cubes. This would be due to the additional ingredients in thebouillons which were absent from the control, e.g., the binders,
salt and meat broth.
The moisture content of bouillon cubes were signiﬁcantly
different (po0.05) with respect to the different binders used
and the concentration of the binders in the mix (Table 4). All
bouillon samples had greater moisture content than the control.
Also, the samples with the greater proportions of binders
(30:20) had greater moisture contents than bouillons with less
(40:10) iru:binder combination. The control sample had 11.5%
moisture compared to a range of 19.5–24.9% in bouillons with
(40:10) iru:binder ratio and a range of 22.7–29.3% moisture
for bouillons with (30:20) ratio. Also cassava starch bound
more water than potato or corn binders in the bouillons. The
moisture content of the control (11.51%) in this study is in
agreement with an earlier report by Elemo et al., (2011).
Moisture in the control was basically protein bound since fat,
the other major component, is basically hydrophobic. The
addition of starchy binders and protein in the meat broth to the
mixture may have resulted in the increased moisture content of
Table 5
Organoleptic properties of iru bouillon cubes 9 months after production and
storage.
Iru bouillon cubes Colour Aroma Texture
40:10
Cassava Dark brown Pungent Brittle/crumbly
Corn Dark brown Pungent Brittle/crumbly
Potato Light brown Pungent Brittle/crumbly
30:20
Cassava Light brown Mild Soft
Corn Pale brown Mild Hard
Potato Light brown Mild Soft
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documented to have clear paste and good water holding
properties (ICP IITA, 2010). Differences in the moisture
contents within samples indicated the water holding capacity
of the various starches. Although water holding capacity
was not determined in this study, it appears that cassava starch
has greater water holding capacity than corn and potato
starches. (Table 4). Difference in moisture content between
samples was due to the greater starch content of the 30:20
bouillon cubes. Though the moisture contents of the bouillon
cubes were high, B. subtilis and fungi were the only surviving
microorganisms after nine months of storage, possibly due to
low availability of moisture caused by moisture tie down by
salt and starch.
The ash content of iru bouillon cubes was signiﬁcantly
different (po0.05) for the various binders and concentrations
(Table 4). Lower ash content was recorded for the control (1.7%).
The ash content was higher in all bouillon cubes in the (40:10)
ratio compared to 30:20 ratios. The ash content bouillon cubes
depended strictly on the concentration of the binder used, e.g.,
cassava was 3.3% for 40:10 and 2.0% for 30:20; corn was 3.2%
for 40:10 and 2.4% for 30:20 and potato was 3.0% for 40:10 and
2.5% for 30:20 ratios. The lowest ash content recorded was for
iru, the control (1.71%), which is agreeable with (1.80%)
previously reported (Ogbonnaya et al., 2010). The ash content
is higher in bouillon cube samples than in the control because salt
was added twice to the bouillon cube mixtures; ﬁrst to ﬂavor the
broth and later as a preservative. The differences in the ash
contents within and between the bouillons samples were due to
genotypes of the binders. For example, the ash content of the
binders alone reported by others vary for cassava (1.9–2.7%),
corn (1.1–1.3%) and potato (0.4–1.9%) (Sarkiyayi and Agar,
2010; Abbas et al., 2011; Bressani and Scrimshaw, 1958), and
could also be due to differences in the amounts of binders
between samples.
The control has the highest fat content of (30.0%) and was
statistically different (po0.05) from all other samples
(Table 4). All bouillon cubes had low (% fat) compared to
the control. Crude fat values recorded were as follows: for
cassava (19.6%), corn (22%), potato (20.8%) in 40:10; and
cassava (13.7%), corn (16.1%) and potato (16.7%) in 30:20.
The control in this study has the highest crude fat content of
(30.00%) and statistically different (po0.05) from fat contents
of the bouillon cubes. This value corresponds to the report by
Campbell-Platt (1980) of (31.2%), but higher than (21.2%)
reported by Ogbonnaya et al., (2010).
Differences in the observed fat content and that reported by
Ogbonnaya et al., (2010) may be due to differences in composi-
tion of the locust bean seeds and or in the method of iru
preparation. Differences in crude fat contents between bouillon
samples are due to increased amount of iru in the 40:10 bouillons.
It is more difﬁcult to explain the differences in fat contents of the
bouillons with respective to the binders, except for corn, which
probably had germ extracted with the ‘starch’ and therefore had
more fat than the tuber starch extracts. However, though the meat
was trimmed of fat, intramuscular fat may have affected the
consistency of the broth.There were signiﬁcant differences (po0.05) among the
protein contents of the control sample and the bouillon cubes.
The protein content of the control (46.3%) was the highest. There
were also differences in protein contents according to the binder
used for the bouillons and their concentrations. While bouillon
cubes with cassava binder had the lowest protein content 29.9%
and 22.6%, respectively, for 40:10 and 30:20 mixtures, the
protein content of the other two binders (corn and potato) was
similar 33.3%, 33.9% and 27.4%, 28% for 40:10 and 30:20
ratios, respectively. Protein content also differed depending on the
amounts of iru in the bouillons. The greater the amount of iru, the
greater was the protein content (Table 4). The control sample had
signiﬁcantly higher (po0.05) protein content than the bouillons
even with the addition of meat broth to the bouillon mix. This
was due mainly to the dilution of the protein by the binders. The
high protein content of iru (46.3%) was similar to (49.9%)
reported by Sadiku (2010) but higher than 34–39% reported by
others (Campbell-Platt, 1980; Alabi et al., 2005; Obizoba, 1998;
Ogbonnaya et al., 2010). The increased crude protein and crude
fat contents in iru or dawadawa may be due to the reduction in
the carbohydrate, ash and crude ﬁber contents, which occurred as
a result of the fermentation (Ogbonnaya et al., 2010). Bouillon
cubes with corn and potato binders have higher crude protein
content than cassava. Although neither corn nor potato provides
signiﬁcant amounts of protein, the protein contents of the initial
samples were a little more than in cassava tubers. Hence, the
crude protein contents of (29.9%) and (22.6%) for the 40:10 and
30:20 ratios, respectively, for cassava are signiﬁcantly lower.3.3. Organoleptic properties of iru bouillon cubes
The organoleptic properties of the iru bouillon cubes using a
4-point hedonic scale were measured. Attributes such as color
(brown¼1 to dark brown¼4); aroma (mild¼1 to choking¼4)
and texture (soft¼1 to brittle/crumbly¼4) are reported in
Table 5. The bouillon cubes in 40:10 ratios were scored higher
by the panel compared to the 30:20 bouillion cubes. Cassava
and corn in 40:10 ratio was dark brown in color compared to
the light brown for potato. However, all 40:10 bouillion cubes
had pungent aroma and brittle/crumbly texture. Also, the
bouillion cubes in 30:20 ratios had light brown color, mild
aroma and soft texture except iru cubes with corn starch which
were pale brown and had a hard texture.
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Iru in the form of bouillon cubes had improved shelf life
from the normal 2–5 days to over nine months without
compromising the bacteria quality of the product. The process
of drying and the addition of salt have improved the storage
life of iru bouillon cubes from the usual few days after
fermentation to several months. Furthermore, the combination
of salt and drying serve as a natural preservative, an important
step in reducing microbial activities. Though the protein
content of iru was reduced probably due to the application
of heat and addition of binders, developing African locust bean
into bouillon cubes is a novel and important means of
increasing acceptability of this nutritionally beneﬁcial condi-
ment. It is further recommended that water activity analysis
and a more robust sensory evaluation of iru bouillon cubes to
ascertain consumer acceptability be carried out.
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